The objective of this study was to evaluate variations in leaf essential oil (EO) content and composition of Juniperus species in the Bighorn Mountains {J. communis L. (common juniper), J. horizontalis Moench. (creeping juniper), and J. scopulorum Sarg. (Rocky Mountain juniper)} in Wyoming, USA. The EO was extracted via steam distillation of fresh leaves (needles). The EO composition of the three Juniper species varied widely. Overall, the essential oil content of fresh leaves was 1.0% (0.4-1.8% range in different accessions) in J. communis, 1.3% (1.2 to 1.6% range) in J. horizontalis, and 1.1% (0.7-1.5% range) in J. scopulorum. The EO chemical profile of J. communis was very different from that of the other two species. The concentration of α-pinene in the oil was 67-80% in J. communis, 2.8-6% in J. horizontalis, and 2.3-13% in J. scopulorum. The concentration of sabinene was 57-61% of the oil of J. horizontalis and 13-59% in oil of J. scopulorum, whereas sabinene was either below 1% or not detected in J. communis. The oils of J. scopulorum and J. horizontalis had higher antioxidant capacity than that of J. communis. The oils of the three junipers did not show significant antimicrobial activity against 10 organisms. The diversity of the essential oil composition of these three junipers may encourage diverse industrial applications of Juniperus leaf essential oil.
Rocky Mountain juniper (J. scopulorum Sarg.) is found in the western US, and in Canada, and Mexico [1] [2] [3] . Creeping juniper (J. horizontalis Moench) is mostly found in the northcentral and northwestern US, and in all provinces of Canada [3] . Common juniper (J. communis L.) is found in most US states [3] , and is one of the most widely distributed woody species in the Northern Hemisphere due to its great ecological adaptation. Juniper leaves, juniper wood, and juniper berries contain relatively high concentrations of essential oil with pleasant aroma that has applications as an aromatic agent in a number of consumer products and also in aromatherapy. Among the three species, common juniper, J. communis has been subject to a number of research projects and hence, there have been numerous reports on its essential oil profile and bioactivity [7] [8] [9] [10] . Research reports on J. scopulorum essential oil are also available [11] [12] [13] [14] [15] . However, there are relatively fewer reports on the essential oil content and composition of J. horizontalis [16] [17] [18] . Also, there are no reports on the relative essential oil composition of the three species of junipers from the same ecological region. Therefore, the objective of this study was to evaluate variations in leaf essential oil (EO) content and composition of Juniperus species in the Bighorn Mountains in Wyoming, USA; J. communis, J. horizontalis, and J. scopulorum.
The three junipers differed in essential oil content and composition. The gas chromatography (GC) analysis revealed that the essential oil of the three juniper species had different chemical profiles. Seventy-six constituents were identified in the oil of J. scopulorum, 77 in the oil of J. communis, and 43 in the oil of J. horizontalis. The overall essential oil content and composition of the three junipers are presented in Table 1 . The major essential oil constituent of J. communis was α-pinene, whereas that of J. horizontalis and J. scopulorum was sabinene ( Table 1 ). The concentration of sabinene was higher in the oil of J. horizontalis, whereas limonene was found in higher concentration in the oil of J. scopulorum (Table 1) . Myrcene, α-terpinene, and terpinolene were present in the oils of the three junipers, but J. communis oil had greater concentrations of myrcene and α-terpinene compared with the ones in the oil of the other two junipers. Conversely, the oils of J. horizontalis and J. scopulorum had greater concentration of terpinolene than the oil of J. communis (Table 1) . Also, while the concentrations of 4-terpinenol, pregeijerene B, elemol, and 8-α-acetoxyelemol in the oils of J. horizontalis and J. scopulorum were well above 1%, these compounds were either under 1% or not detected in the oil of J. communis (Table 1) . The concentrations of 4-terpinenole and 8-α-acetoxyelemol were greater in the oil of J. horitontalis, whereas the concentrations of pregeijerene B and elemol were higher in the oil of J. scopulorum. The results suggest that while the essential oil composition of J. horizontalis and J. scopulorum is similar, the profile of the J. communis oil is quite different from those of the oils of the other two junipers. J. communis. In this study, the major oil constituent of J. communis was α-pinene, whereas sabinene was the major oil constituent of J. horizontalis and J. scopulorum essential oils. The results of this study agree with those reported previously by Adams et al. [7] who conveyed that the oil of several varieties of J. communis from the US contained high concentration of α-pinene (up to 60%) and moderate concentrations of β-pinene. The concentration of β-pinene in our samples of J. communis was similar to that reported by Adams et al. [7] . Previous reports indicated α-pinene as the major constituent of J. communis leaf essential oil [19] . Interestingly, in a recent study of J. communis in Canada, Kilic et al. [20] did not find much α-pinene in the oil; the authors reported that the main compounds were limonene (26.1%), benzene (15.6%), β-myrcene (9.1%) and β-pinene (7.3%). Other authors also reported sabinene rather than α-pinene as the major oil constituent of J. communis leaf oil [21] [22] [23] . Stoyanova [24] reported β-pinene as the main constituent of J. communis leaf oil from Bulgaria. Indeed, Adams et al. [7] reported variations in α-pinene concentration of J. communis oil depending on the variety and the collections location. Filipowicz et al. [10] reiterated that the essential oil composition of J. communis and its major constituents may vary significantly depending on the environment (geography). In our study, the essential oil content (yield) of J. communis varied broadly, from 0.4 to 1.8% in fresh herbage. Butkiene et al. [25] reported that oil content of J. communis can reach up to 0.5%.
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J. horizontalis.
The results from a recent study from Canada [26] deviate substantially from other reports on J. horizontalis oil composition. According to the latter study [26] the main compounds found in the oil of leaves were linalool (33.8%), P-cymene (23.2%), and λ-terpinene (8.7%). Ehsani et al. [27] reported other main components in the essential oil as sabinene (30.2%-38%), followed by bornyl acetate (10.7%) and that the essential oil showed significant antimicrobial effect against 12 species from 13 tested bacteria species. Another study by Vinutha and von Rudloff [28] found that sabinene was the main constituent in the essential oil of J. horizontalis and that the constituents identified in the essential oils of J. horizontalis and J. scopulorum were similar, suggesting a close phylogenetic relationship.
Adams [17] reported a rather unusual EO profile of J. horizontalis from Saskatchewan River bank, Saskatoon, Saskatchewan, Canada, with the major oil constituents sabinene (37.2%) and limonene (3.5%), and with α-pinene only 1.7% [17] . In our study, the essential oil from J. horizontalis collected from the Bighorn Mountains in Wyoming had approximately 1.6 times higher concentration of sabinene (57-61%), higher α-pinene, and similar limonene concentrations compared with the results reported by Adams [17] .
J. scopulorum. Adams and Hagerman [29] reported sabinene as the major oil constituent of greenhouse grown J. scopulorum ranging from 33 to 39% of the oil. Sabinene was the major constituent in the essential oil of J. scopulorum collected in the Bighorn Mountains in Wyoming. Adams [30] reported sabinene (46.3%) as the major oil constituent of J. scopulorum sampled from Durango, CO. Sabinene concentration in the essential oil obtained from most of the J. scopulorum accessions ranged from 41 to 55%, whereas in one of the accessions, sabinene concentration was only 13%. Adams and Powell [11] reported very small differences in leaf essential oil composition between male and female trees. Earlier studies also reported sabinene as the major constituent of the oil from leaves of J. scopulorum [31] .
Junipers in Wyoming
Natural Product Communications Vol. 12 (2) 2017 203 Studies emphasized the importance of the duration of the distillation time on J. scopulorum oil profile [14, 15, 32] . Cantrell et al. [32] reported that the major oil constituent, sabinene, varied from 30 to 47% of the oil, limonene from 29-31%, and α-pinene from 4.2 to 9.6%, among other constituents [32] . Zheljazkov et al. [14] reported most oil constituents changed in their concentration depending on the duration of distillation; e.g. sabinene varied from 51 to 77% of the oil of a single female tree [14] , while sabinene concentration in male trees varied from 45 to 75% of the total oil [15] . J. scopulorum oil composition has also been shown to depend on sex [11, 33] . In the latter studies, the authors reported that the concentrations of α-pinene, α-terpinene, λ-terpinene, terpinolene, pregeijerene B, elemol, β-eudesmol/α-eudesmol, and 8-α-acetoxyelemol were greater in the oil of the female tree than in that of the male tree. Conversely, the concentrations of α-thujene, sabinene, myrcene, limonene, and δ-cadinene were greater in the oil of the male tree than in that of the female tree [33] . Samples of J. scopulorum accessions collected in the Bighorn Mountains in Wyoming in this study included female and male trees.
In conclusion, the leaf essential oil composition of J. scopulorum and J. horizontalis is similar, whereas that of J. communis is different. The oils of J. scopulorum and J. horizontalis had higher antioxidant capacity than the oil of J. communis. There is large variation in the chemical composition of the leaf oil within each of the three species, suggesting the occurrence of chemotypes within the area of Bighorn Mountains in Wyoming. The existence of various oil profiles within a species may be used for cultivar selection with desirable oil composition to meet industry needs utilizing juniper oil.
Experimental
Plant collection: The collection of Juniperus was conducted in August and September 2011 across the Bighorn Mountains in Wyoming at altitudes between 1,450 m and 2,884 m above sea level. We collected approximately 3.5 kg of fresh material (leaves and branches less than 5 mm thick), from the lower, middle and upper level of each individual, naturally occurring, visually healthy plants in sites away from roads. GPS coordinates (altitude, latitude, longitude) and a digital photo were taken and recorded for every single tree/site. In addition, we recorded data on tree height and sex.
Representative subsamples from each sample were identified by Ms Bonnie Heidel, a botanist at the Wyoming Natural Diversity Database, University of Wyoming. Subsamples from each collection site were deposited in the University of Wyoming Rocky Mountain Herbarium. From each sample, we generated 3 subsamples, for essential oil extraction.
Extraction of the essential oil:
The steam distillations were conducted as described previously [14, 34] . Each distillation sample was 500 g of fresh biomass (collected at different heights and from different sides of the tree), chopped into approximately 2.5 cm pieces, and immediately distilled in 2 L steam distillation units (Hearthmagic, Rancho Santa Fe, CA). The duration of the steam distillation for each sample was 360 min; this time was established in previous research on J. scopulorum juniper leaves [14] [15] . The beginning of the distillation process was recorded when the first drop of oil was deposited in the Florentina part of the distillation apparatus. At the end of each distillation, the power was switched off, the stillhead removed from the rest of the apparatus, the oil collected, measured on an analytical scale, and kept in a freezer at -5°C until the gas chromatography analyses could be performed. The essential oil content (also indicated as yield) was calculated by weight, as g of oil per 100 g of fresh herbage, and expressed as percentage of oil in the fresh juniper biomass.
Gas chromatography analysis of the juniper essential oil:
The essential oil of all junipers were analyzed using a Hewlett Packard gas chromatograph (GC) model 6890, fitted with a GC column HP-INNOWAX (cross-linked PEG; 30 m × 0.32 mm × 0.5 µm) and an auto sampler. The FID detector temperature was 275 °C, and the carrier gas was helium {40 cm/sec, 11.7 psi (60°C), 2.5 mL/min constant flow rate; injection: split 60:1, 0.5 µL, inlet 220°C; oven temperature program: 60°C for 1 min, 10°C/min to 250°C). The identification of the compounds was made by GC-MS, and by comparison of mass spectra with the ones reported in the mass spectral database of the National Institute of Standards and Technology.
Antioxidant capacity of J. communis, J. horizontalis, and J. scopulorum oils: Antioxidant capacity of J. communis (accession #114), J. horizontalis (accession #116), and J. scopulorum oils (accession #120) (in 3 replicates plus 3 internal replicates = 9 total replications per sample) were determined using the oxygen radical absorbance capacity (ORACoil) method [35] [36] . Specific details regarding this method were previously described by Zheljazkov et al. [33] . The antioxidant capacity of the oil samples of the 3 junipers was measured using Trolox as a standard (6-hydroxy-2,5,7,8-tetramethylchroman-2-carboxylic acid); the results are expressed as µmole Trolox g -1 .
Antimicrobial activity testing: The antimicrobial testing of essential oils from the 3 juniper species was performed at the NCNPR, University, MS. The essential oils (all in 2 replicates) were tested for activity against Candida albicans, C. glabrata, C. krusei, Aspergillus fumigatus, Cryptococcus neoformans and for antibacterial potential against Gram +ve bacteria Staphylococus aureus, methicillin-resistant S. aureus and Mycobacterium intracellulare and Gram-ve bacteria Escherichia coli and Pseudomonas aerogenosa at a concentration of 50 μg/mL, and percent inhibition was calculated following the method published previously [37] . The antifungal activity was tested using amphotericin B, and the antibacterial drug control was ciprofloxacin.
Statistical analysis:
The effect of species and accession on the essential oil content and the concentrations of α-thujene, α-pinene, sabinene, myrcene, α-terpinene, limonene, limonene/β-phellandrene (unknown), λ-terpinene, terpinolene, 4-terpinenol, pregeijerene B, elemol, 8-α-acetoxyelemol, and β-pinene was completed using a Nested design with species, and accession nested within species effects in the model. The analysis was completed using the Mixed Procedure of SAS [38] , and the validity of model assumptions (normal distribution and constant variance of the error terms) was verified by examining the residuals as described in Montgomery [39] . Transformations were applied for some of the constituents to achieve normality; however, the means shown in Table 1 are backtransformed to the original scale. Since both species and accession effects were significant, multiple means comparisons of the species, and the accession nested in species (both shown in Table 1 ) were completed using Tukey's Multiple Means Comparison method at the 5% level of significance.
